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® Semiconductor integrated circuit liaving Improved protection element 



(§) A protective device for protecting a CMOS cir- 
cuit included in an internal circuit of an IC against 
overvoltage applied to a power source wiring and 
preventing the CMOS from being latched-up by 
surge voltage due to external noise during a normal 
operation of the IC is disclosed. An N channel MOS 
FET and a P channel MOS FET are arranged in 
parallel to each other and connected between a 



power source wiring and a ground wiring. Gate elec- 
trodes of the N channel and the P channel MOS 
FETs are connected to the ground wiring and the 
power source wiring, respectively. Positive overvol- 
tage or surge voltage applied to the power source 
wiring is relieved by breakdown of drain junctions of 
both the MOS FETs. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to a semiconduc- 
tor integrated circuit and, particularly, to a protec- 
tion circuit for protecting a semiconductor inte- 
grated circuit against overvoltage applied to a 
source termrna) or ground ternninal thereof due to 
electrostatic charge. 

In a CMOS integrated circuit of twin-well type, 
a P well and an N well are provided In a surface 
portion of, for example, a P type silicon substrate. 
An N channel MOS FET is formed in the P well 
and a P channel MOS FET is formed in the N well. 
A P* diffusion layer (substrate contact region) se- 
lectively formed in a surface portion of the P well 
and a source region of the N channel MOS FET 
are connected to a ground terminal through a first 
metal film of such as aluminum. Similarly, an N* 
diffusion layer (well contact region) formed selec- 
tively in a surface portion of the N well and a 
source region of the P channel MOS FET are 
connected to the ground terminal through another 
first metal film. 

\/Vhen a positive overvoltage is applied to a 
source terminal thereof, current flows from the well 
contact region and the source region of the P 
channel MOS FET to the ground terminal through 
the N well, the P well (assuming that the N and P 
wells are in contact with each other), the substrate 
contact region and the source region of the N 
channel MOS FET. 

That is, discharge occurs due to breakdown of 
a PN junction formed by the N well and the P well. 
The breakdown voltage is usually about 70 volts. 

When a positive overvoltage is applied to the 
ground terminal, current flows through the sub- 
strate contact region, the P well, the N well and the 
well contact region to the source terminal. 

Thus, the CMOS circuit Itself has a certain 
protective function. However, the breakdown volt- 
age of a diode formed between the aforementioned 
wells is so high that it is necessary to provide a 
specific protection circuit if the thickness of a gate 
oxide film is small. 

There are various schemes of such protection 
circuit. Among them, a protection circuit using field 
effect transistors is practical since It can be re- 
alized without adding any new step to a fabrication 
process of a semiconductor integrated circuit itself. 
This protection circuit is disclosed in Japanese 
Laid-open (Kokai) patent application 60-10767. In 
this Kokal, a paraUel circuit of fi.i'st and second field 
effect transistors which are MOS FETs having field 
oxide films as their gate oxide films, respectively, 
are inserted between a power source source wiring 
and a ground wiring, a gate electrode of the first 
field effect transistor is connected to the power 
source source wiring and a gate electrode of the 



second field effect transistor is connected to the 
ground terminal. 

When a positive oven/oltage exceeding a 
threshold voltage of the first field effect transistor is 

5 applied to the power source source terminal, the 
first field effect transistor is turned on to allow 
current to flow to the ground wiring. Although, when 
a positive overvoltage is applied to the ground 
terminal, the second field effect transistor does not 

10 operate as a MOS FET (since its gate electrode 
and the substrate are connected to the ground 
wiring), current flows to the power source source 
wiring through a PN junction between regions of 
the substrate-source/drain regions which are con- 

75 nected to the power source wiring. 

Electrostatic discharge upon which such posi- 
tive overvoltage is applied to the power source 
terminal takes in the form of channel current of the 
first field effect transistor. However, a resistance of 

20 the MOS FET in conduction state may be at least 
several times that of a bipolar transistor. When the 
thickness of a gate oxide film of a MOS FET of an 
internal circuit is 10 to 20 nm, the channel width of 
the first field effect transistor should be about 2000 

25 urn. Thus, the protection circuit comprising field 
effect transistors Is low in ability of electrostatic 
discharge, affecting an Improvement of integration 
density adversely. 

30 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a semiconductor integrated circuit having a protec- 
tion circuit which has high electrostatic discharge 

36 ability and can be realized without requiring any 
special additional step. 

A semiconductor integrated circuit according to 
the present invention includes a semiconductor 
chip in which a first power source wiring connec- 

40 table to a bonding pad to which a first power 
source voltage Vdd and a second wiring connec- 
table to a bonding pad to which a second power 
source voltage Vss is supplied. The protection cir- 
cuit includes an N channel MOS FET having a 

46 drain region and a source region connected to the 
first power source wiring and the second power 
source wiring, respectively, and a P channel MOS 
FET having a source region and a drain region 
connected to the first power source wiring and the 

50 second power source wiring, respectively. A gate 
electrode of the N channel MOS FET and a gate 
elecfode of the P channel MOS FET are con- 
nected to the second power source wiring and the 
first power source wiring preferably through film 

66 resister elements, respectively. An internal circuit 
includes a CMOS circuit in at least a portion there- 
of. 

The protection circuit functions to protect a 
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gate insulating film of the Internal CMOS circuit 
against overvoltage applied to the power source 
terminal due to electrostatic charge and to prevent 
a latch-up during normal operation of the CMOS 
circuit. 

A positive overvoltage applied to the first power 
source terminal causes drain junctions of the N and 
P channel MOS FETs of the protection circuit to be 
broken-down to thereby allow discharge to occur. 
Since this does not utilize channel currents of the 
MOS FETs, dischargeability of the protection cir- 
cuit is high, making the protection circuit possible 
to be compact. 

A positive overvoltage applied to the second 
p)ower source terminal makes the drain junctions of 
the MOS FETs forward to allow discharge to occur. 

When surge voltage appears at the first power 
source terminal due to external noise during normal 
operation and when a potential at an input terminal 
of the internal circuit is either the second power 
source potential or the first power source potential, 
the drain junction of the N or P channel MOS FET 
of the protection circuit is broken-down before the 
drain junction of the N or P channel MOS FET of 
the internal circuit is broken-down, preventing the 
latch-up of the internal circuit from occurring. 

This protection circuit can be realized with high 
reproducibility by a combination of conventional 
processes of a semiconductor integrated circuit 
fabrication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other objects, fea- 
tures and advantages of this Invention will become 
more apparent by reference to the following de- 
tailed description of the Invention taken in conjunc- 
tion with the accompanying drawings, wherein: 
Fig. 1 is a schematic plan view of a semicon- 
ductor chip according to a first embodiment of 
the present Invention; 

Fig. 2 is a circuit diagram of the first embodi- 
ment; 

Rg. 3 Is a plan view of a semiconductor chip 
showing a protection circuit portion according to 
the first embodiment; 

Fig. 4(a) is a cross section taken along a line A- 
A in Fig. 3, showing an N channel MOS FET Mn 
and a film resister element Rn in Fig. 2; 
Fig. 4(b) is a cross section taken along a line B- 
B in Fig. 3, showing a P channel MOS FET Mp 
and a film resister element Rp; 
Fig. 4(c) Is a cross section of a CMOS Inverter 
of an internal circuit in the first embodiment; 
Rg. 5(a) is a cross section showing an N chan- 
nel MOS FET Mn in a second embodiment of 
the present invention; 

Rg. 5(b) is a cross section showing a P channel 



MOS FET Mp In the second embodiment; 
Fig. 6(a) is a cross section of the N channel 
MOS FET Mn for explanation of fabrication 
method of the second embodiment; *" 
6 Fig. 6(b) is a cross section of the P channel 

MOS FET Mp for explanation of fabrication 
method of the second embodiment; 
Fig. 6(c) is a cross section of the CMOS inverter 
portion for explanation of fabrication method of 
10 the second embodiment; 

Fig. 7(a) is a cross section of the N channel 
MOS FET portion for explanation of a fabrication 
step corresponding to a subsequent step to that 
shown in Fig. 6; 
75 Fig. 7(b) is a cross section of the P channel 
MOS FET similar to Fig. 7(a): 
Fig. 7(c) is a cross section of the CMOS inverter 
portion similar to Fig. 7(a); 
Fig. 8(a) is a cross section of the N channel 
20 MOS FET portion for explanation of a fabrication 
step corresponding to a subsequent step to that 
shown In Rg. 7; 

Fig. 8(b) is a cross section of the N channel 
MOS FET similar to Fig. 8(a); and 
25 Fig. 8(c) is a cross section of the CMOS inverter 
portion similar to Fig. 8(a). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 

Referring to Fig. 1 showing a first embodiment 
of the present invention, a plurality of bonding pads 
101 are formed in a peripheral portion of a 5 mm X 
5 mm, square semiconductor chip 100. In a buffer 

35 region 102 of the chip which is inside of the region 
in which the bonding pads 101 are formed, a 
protection circuit 102A and an input protection cir- 
cuit, etc., which are not shown are formed. Further, 
a ground wiring 103 is formed inside of the buffer 

40 region 102 and connected to a bonding pad 101- 
(Vss) which is a ground terminal and to the protec- 
tion circuit 102A. A power source wiring 104 is 
provided Inside of the ground wiring 103 and con- 
nected to a bonding pad lOI(Vdd) which is a 

45 power source terminal and the protection circuit. 
Inside of the power source wiring 104, an Internal 
circuit region 105 is defined as shown by a chain 
line, in which an internal circuit (106) is formed. 
The internal circuit may include a digital circuit or 

50 circuits, an analog circuit or circuits or both of 
them. However, a digital circuit or circuits having 
CMOS construction is included in at least a portion 
thereof. In the following description, the digital cir- 
cuit is exemplified by a CMOS Inverter. In the 

55 Internal circuit region 105. a ground wiring (not 
shown) and a power source wiring (not shown) 
which are connected, respectively, to the ground 
wiring 103 and the power source wiring 104 are 
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arranged in, for example, lattice form. 

Referring to Fig. 2. the first embodiment of the 
present invention Includes, between the power 
source wiring 104 and the ground wiring 103, a 
parallel connection of an N channel MOS FET Mn 
and a P channel MOS FET Mp. A gate electrode of 
the N channel MOS FET Mn is connected to the 
ground wiring 103 through a film resister element 
Rn and a gate electrode of the P channel MOS 
FET Mp is connected to the power source wiring 
104 through a film resister element Rp. The inter- 
nal circuit 106 is connected to the power source 
wiring 104 and the ground wiring 103. 

Referring to Figs. 3 and 4. both the N channel 
MOS FET Mn and the P channel MOS FET Mp are 
of ladder type MOS transistors and total channel 
widths thereof are about 450 um, respectively. It 
should be noted that, in Fig. 3 which shows the 
basic structure of the MOS FET, the channel width 
Is illustrated In reduced scale. 

A P well 108 whose impurity density is 1 X 
10^^ cm~3 is formed in a surface portion of a P 
type silicon substrate 107 whose impurity density 
Is 1 X 10^^ cm-3 and an N well 109-1 whose 
impurity density is 1 X 10^^ ^.^^,-3 g^d N wells 109- 
2 and 109-3 are provided adjacent to the P well 
108, for a P channel MOS FET of the protection 
circuit, for a guard ring and for the internal circuit, 
respectively. A transistor forming region of the chip 
is partitioned to a plurality of electrically isolated 
regions by field oxide films 111, in a surface por- 
tion of which gate oxide film 112 each 15 nm thick 
are provided. In the portions of the N wells 109-1, 
109-2 and 109-3, P type channel stoppers 110 
terminating at a bottom surface of the respective 
field oxide films 111 are provided. A gate electrode 
113n of the N channel MOS FET and a gate 
electrode 113p of the P channel MOS FET are 
formed by selectively covering the gate oxide films 
112 with polyclde films (formed by covering poly- 
silicon film with tungsten sllicide film) 1.3 um wide 
and 300 nm thick. The gate electrodes 113p and 
113n are provided with side wall spacers 114, 
respectively. Low impurity density N type diffusion 
layers 115-1, 115-2 115-5 having impurity den- 
sity of 1 X 10^8 cm~3 are provided in self-align- 
ment manner with respect to the respective gate 
electrodes I13n. similarly, high impurity density N 
type diffusion layers 117-1. 117-2.... 117-5 having 
impurity density of 1 X 10^° cm~^ are provided. 
Reference numerals 116-1, 116-2,.., 116-5 depict 
low Impurity density P type diffusion laye.^'s having 
Impurity density of 1 x 10^^ cm"^ and 118-1, 118- 
2,.., 118-5 depict high impurity density P type 
diffusion layers having impurity density of 1 x 10^° 
cm~3.That is, the protection circuit 102A and the 
internal circuit 106 include N channel MOS FETS 
and P channel MOS FETs both having LDD struc- 



ture. 

The high impurity density diffusion layer 117-1 
in the drain region of the N channel MOS FET Mn 
is connected to a first layer metal Wiring 122-1 
6 through a contact hole Cl (indicated by a square 
mark having a diagonal line) provided in a first 
Interlayer insulating film 121 and the first layer 
metal wiring is connected to a second layer metal 
wiring 124-1 through a through-hole 02 (indicated 

10 by a square mark having crossed diagonal lines) 
formed in a second interlayer insulating film 123. 
The high impurity density N type diffusion layers 
117-2 and 117-3 In the source region are con- 
nected to the first layer metal wirings 122-2 and 

75 1 22-3 through contact holes CI, similarly respec- 
tively. The first layer metal wiring 122-2 is further 
connected to a P* type diffusion layer 119-1 
(substrate contact region) through a contact hole 
01 and to the second layer metal wiring 124-2 

20 through a through-hole 02. Similarly, the first layer 
metal wiring 122-3 is connected to the P type 
diffusion layer 119-2 and the second layer metal 
wiring 124-3. The first layer metal wirings 122-2 
and 122-3 are connected to the ground wiring 103 

25 (first layer metal wiring). The gate electrode 113n 
of the N channel MOS FET Mn is connected to the 
ground wiring 103 via the film resister element Rn 
through a through-hole 03. The film resister ele- 
ment Rn is composed of a polycide film 3.75 um 

30 wide and 150 um long and has resistance value of 
several hundreds ohms. 

The high impurity density diffusion layer 1 1 8-1 
in the source region of the P type MOS FET Mp is 
connected to the first layer metal wiring 122-4 

35 through a contact hole 01 and the first layer metal 
wiring 122-4 is connected to the second layer 
metal wiring 124-4 through a through-hole 02. The 
high impurity density P type diffusion layers 118-2 
and 118-3 in the drain region are connected to the 

40 first layer metal wirings 122-5 and 122-6 through 
contact holes 01, respectively. The first layer metal 
wirings 122-5 and 122-6 are connected to N* type 
diffusion layers 120-1 and 120-2 through contact 
holes 01, respectively, and to the second layer 

45 metal wirings 124-5 and 124-6 through through- 
holes 02, respectively. The first layer metal wiring 
122-4 is connected to the ground wiring 103. The 
second layer metal wirings 124-5 and 124-6 are 
joined together to form a wider wiring which is 

50 connected to the power source wiring 104 through 
a through-hole 02. The gate electrode 113p of the 
P channel MOS FET Mp is connected to the power 
source wiring 104 through a film resister element 
Rp via a through-hole 03. The film resister element 

55 Rp is composed of a polycide film 3.75 um wide 
and 150 um long and has resistance value of 
several hundreds ohms. 

The N type diffusion layer 117-4 in the drain 



4 



I 



) 



7 EP 0 516 146 A1 



region of the N channel MOS FET of the CMOS 
inverter is connected to the first layer metal wiring 
122-7 through a contact hole and to the high impu- 
rity density P type diffusion layer 118-5. The high 
impurity density P and N type diffusion layers 118- 
4 and 117-5 of the respective source regions of the 
P and N channel MOS FETs of the CMOS inverter 
are connected to the P* and N* type diffusion 
layers 120-3 and 119-3 through the first layer metal 
wirings 122-8 and 122-9. The first layer metal wir- 
ing 122-8 is connected to the electrode wiring 104 
or its branch through the second layer metal wiring 
124-8. The first layer metal wiring 122-7 is con- 
nected to the second layer meta! wiring 124-7 
which is an output signal line of the CMOS inverter. 
The first layer metal wiring 122-9 is connected to 
the ground wiring 103 or its branch through the 
second layer metal wiring 124-9. The gate elec- 
trodes 113n and 113p are connected to bonding 
pads for input terminals through first and second 
layer metal wirings not shown, respectively. 

A prtotective function of the first embodiment 
will now be described. 

When overvoltage which is positive with re- 
spect to the ground terminal is applied to the 
power source terminal due to electrostatic charge, 
etc., the PN junctions between the drain regions 
and the wells of the N and P channel MOS FET Mn 
and Mp are broken down in avalanche, respec- 
tively. For the N channel MOS FET Mn, a large 
amount of holes are Injected into the P well 108 
and an NPN transistor On composed of the drain 
region, the P well and the source region thereof is 
turned on to discharge electric charges. Similarly, a 
large amount of electrons are injected to the N well 
109-1 and a PNP transistor Op composed of the 
drain region, the N well and the source region of 
the P channel MOS FET Mp is turned on to cause 
discharge to occur. This discharge is performed by 
the bipolar transistor and therefore It is more than 
that by channel current of the MOS FET. 

When an overvoltage which is positive with 
respect to the power source terminal is applied to 
the ground terminal, the PN junctions between the 
drain regions and the wells of the N channel MOS 
FET Mn and the P channel MOS FET Mp become 
forward, so that cun-ent flows from the ground 
wiring 103 to the power source wiring 104. 

The film resister elements Rn and Rp are cur- 
rent limiting resistors for limiting currents flowing 
through the gate oxide films when overvoltage is 
applied to the gate electrodes of the N channel 
MOS FET Mn and the P channel MOS FET Mp, 

In this embodiment, an electrostatic discharge 
(ESD) breakdown voltage of 3000 volts was con- 
firmed. That is, an output voltage of 3000 volts of a 
high voltage source was applied across a capacitor 
of 100 pF to charge it and thereafter the capacitor 



was connected between the power source terminal 
and the ground terminal through a resister of 1.5 
kQ connected thereto with appropriate polarity. 
There was no abnormality observed. In this experi- 
5 menl, IQO sample chips were tested under the 
same conditions. 

An operation of the protection circuit when 
surge voltage is generated due to external noise 
during a normal operation of the circuit. 
10 It is assumed that surge voltage is generated at 

the power source terminal when an input voltage 
Vin of the CMOS inverter of the internal circuit is at 
ground potential. Without this protective circuit, the 
output voltage Vout of the CMOS inverter would be 
75 increased to break down the PN junction in the 
drain region of the N channel MOS FET of the 
CMOS inverter to thereby flow cun-ent from the 
drain region to the P well 108. If this current is 
large enough, potential of the P well 108 would 
20 increase to thereby produce a large amount of 
electrons to be directed to the source region (117- 
5). These electrons diffuse to the N well 109-3 to 
lower potential thereof. Therefore, holes are in- 
jected thereto from the source region (118-4) of the 
25 P channel MOS FET, which diffuse to the P type 
silicon substrate 107 to increase its potential. A 
positive feedback is thus established, causing the 
so-called latch-up phenomenon to occur. 

Since the output voltage Vout of the CMOS 
30 inverter increases through a channel resistance of 
the P channel MOS FET, the increase starts at a 
time slightly delayed from the generation of surge 
voltage at the source terminal. Therefore, it is pos- 
sible to prevent the latch-up from occurring if a 
35 drain junction breakdown voltage of the protective 
circuit is not higher than that of the N channel MOS 
FET of the internal circuit. In this embodiment, this 
requirement is satisfied since the N channel MOS 
FET Mn of the protective circuit and the N channel 
40 MOS FET of the internal circuit have the same 
drain junction. Further, although breakdown vol- 
tages of the drain junctions of the N channel MOS 
FET and the P channel MOS FET are the same in 
design, they are not always the same practically. 
45 Therefore, it is possible to prevent the latch-up 
more reliably when the drain junction breakdown 
voltage of the P channel MOS FET Is lower than 
that of the N channel MOS FET. 

In a case where the input voltage Vin is the 
50 power source voltage, such latch-up may be pro- 
duced due to breakdown of the drain junction of 
the P channel MOS FET of the CMOS inverter. 
Therefore, the latch-up can be prevented if the 
drain junction breakdown voltage of the protective 
55 circuit is not higher than that of the P channel MOS 
FET of the CMOS inverter. This requirement may 
be satisfied by the P channel MOS FET Mp of the 
protective circuit to some extent and there niay be 
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a case where the latch-up Is prevented more reli- 
ably by the N channel MOS FET Mn. If the protec- 
tion circuit is constituted with only N channel MOS 
FETs Mn, this requirement may be not always 
satisfied practically. 

A second embodiment of the present invention 
will be described next. 

As shown in Fig. 5, in the second embodiment 
of the present invention, a source/drain region of an 
N channel MOS FET Mn is formed from high 
impurity density N type diffusion layers 217-1, 217- 
2 and 217-3 and a source/drain region of a P 
channel MOS FET Mp is formed from high impurity 
density diffusion layers 218-1, 218-2 and 218-3. An 
internal circuit may be identical to that in the first 
embodiment. Since therefore, breakdown voltage 
(11 volts) of a drain junction of the protective circuit 
is lower than breakdown voltage (12 volts) of a 
drain junction of the Internal circuit (LDD structure), 
this embodiment is superior in ESD breakdown 
voltage and latch-up prevention than the first em- 
bodiment. 

A fabrication of the chip according to the sec- 
ond embodiment of the pwesent Invention will be 
described. 

According to any of conventional technique, N 
wells 109-1.... and a P well 108 are formed in a 
surface of a P type silicon substrate, transistor 
forming regions, etc., are isolated from each other 
by field oxide films 111, and gate oxide films 112, 
gate electrodes 113n and 113p and film resistor 
elements Rn and Rp are formed in the transistor 
forming regions. 

Then, as shown in Fig. 6, an ion injection mask 
of such as photo resist film 125 having an opening 
in a region in which an N channel MOS FET Mn of 
a protective circuit is to be formed is formed on an 
entire surface of the wafer. Arsenic ion is injected 
into the region through the opening of the mask at 
dose of 1 to 5 X 10'^ cm'^ with acceleration 
voltage of 50 to 100 keV and high impurity density 
N type diffusion layers 217-1, 217-2 and 217-3. 
impurity density being 1 X 10^° cm"^, are formed 
by lamp annealing. 

Boron fluoride ion is similarly Injected at dose 
of 1 to 5 X 10^5 (^pp,-2 yyjti^ acceleration voltage of 
50 to 100 keV and high impurity density P type 
diffusion layers 218-1, 218-2 and 218-3 of impurity 
density of 1 X lO^o cm^^ are formed by lamp 
annealing, as shown in Fig. 7. Then, an ion Injec- 
tion mask of such as photo resist film 126 having 
an opening In a region in which an N channel MOS 
FET of the internal circuit Is to be formed Is formed 
on the wafer, through which phosphor ion is in- 
jected at dose of 1 to 5 X 10^^ cm-^ with accelera- 
tion voltage of 50 to 150 keV. By lamp annealing it. 
low impurity density N type diffusion layers 115-4 
and 115-5 of impurity density of 1 X 10'^ cm"^ are 



formed. 

Thereafter, boron ion is injected similarly at 
dose of 1 to 5 X 10^3 cm"~2 with acceleration 
voltage of 10 to 50 keV, resulting in low impurity 
5 density P type diffusion layers 118-4 and 118-5 
having impurity density of 1 x 10^^ cm"^ are 
formed, as shown in Rg. 8. 

Then, a silicon oxide film 100 to 300 nm thick 
is deposited thereon and sidewall spacers 114 of 
70 the gate electrodes are formed by anisotropic etch- 
ing. 

Then, high impurity density N type diffusion 
layers 117-4 and 117-5 (Fig. 4) and N* diffusion 
layers 120-3 (Fig. 4), 120-1 and 120-2 (Fig. 5) are 

15 formed by arsenic ion Injection and high impurity 
density P type diffusion layers 118-4 and 118-5 
(Fig. 4) and P* type diffusion layers 119-3 (Fig. 4) 
and 119-1 and 119-2 (Fig. 5) are formed by ion 
injection of boron. Then, a first interlayer insulating 

20 film is deposited thereon. Contact holes 01 are 
formed therein and a first layer metal film is depos- 
ited thereon. The first layer metai film is patterned 
and a second interlayer insulating film is deposited 
thereon. Through-holes 02 are formed In the sec- 

25 ond interlayer insulating film on which a second 
layer metal film is deposited and then the second 
layer metal film is patterned. 

In this fabrication method, the number of ion 
injection steps is larger than that in the first em- 

30 bodlment due to the fact that the high Impurity 
density N type diffusion layers 217-1, etc., and the 
high impurity density P type diffusion layers 218-1, 
etc.. are formed. However, the increased steps do 
not include any difficulty and therefore can be 

35 realized easily. 

In the described embodiments, the gate oxide 
films of the MOS FET of the protective circuit and 
the internal circuit are Identical in design. However, 
the gate oxide film of the MOS FET of the protec- 

40 five circuit may be made thicker than that of the 
Internal circuit by, for example, 20 nm. In such 
case, the durability of the protective circuit may be 
improved. In order to realize such difference in 
thickness of the gate oxide film, it may be practical 

45 that a silicon oxide film about 10 nm thick is first 
formed on a surface of a transistor forming region 
of a substrate and. after a portion of this silicon 
oxide film which covers an internal circuit portion Is 
removed, an oxidation is performed again. 

50 Although the embodiments in which the protec- 

tive circuit is arranged In the vicinity of the bonding 
pad 101 (Vdd) of the source terminal have been 
described, the circuit may be arranged in the vi- 
cinity of the bonding pad 101 (Vss) of the ground 

65 terminal. Further, it is possible to arrange protective 
circuits in the vicinity of the two bonding pads, 
respectively. 

Although the present invention has been de- 
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scribed with reference to specific embodiments, tures. respectively, 

this description is not meant to be construed in a 
limiting sense. Various modifications of the dis- 
closed embodiment, as well as other embodiments 
of the present invention, will become apparent to 5 
persons skilled in the art upon reference to the 
description of the present invention. It is therefore 
contemplated that appended claims will cover any 
modifications or embodiments as fall within the true 
scope of the present invention. yo 



Claims 



1. A semiconductor integrated circuit comprising: 

a first power source bonding pad and a 76 
second power source bonding pad provided by 
selectively covering predetermined interlayer 
insulating film of a semiconductor chip and 
connected to a first power source voltage and 
a second power source voltage, respectively; 20 

an internal circuit connected between a 
first power source wiring connected to said 
first power source bonding pad and a second 
power source wiring connected to said second 
power source bonding pad and including an N 25 
channel MOS FET and a P channel MOS FET; 
and 

a protective circuit including an N channel 
MOS FET connected between said first power 
source wiring and said second power source 30 
wiring with a gate electrode thereof being con- 
nected with said second power source wiring 
and a P channel MOS FET connected between 
said first power source wiring and said second 
power source wiring with a gate electrode 35 
thereof being connected with said first power 
source wiring. 

2. The semiconductor integrated circuit claimed 

in claim 1 , wherein said gate electrode of said 40 
N channel MOS FET of said protective circuit 
is connected to said second power source 
wiring through a film resister element and said 
gate electrode of said P channel MOS FET is 
connected to said first power source wiring 4S 
through a film resister element. 



3. The semiconductor integrated circuit claimed 
in claim 1, wherein breakdown voltage of a 
drain region of at least either of said N and p so 
channel MOS FETs of said protective circuit is 

set at a value lower than those of drain regions 
of said N and P channel MOS FETs of said 
Internal circuit. 

55 

4. The semiconductor integrated circuit claimed 
in claim 3. wherein said N and P channel MOS 
FETs of said internal circuit have LDD struc- 
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